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(54) Two dimensional image detector 

(57) A two-dimensional image detector includes an array sensor 1 having multiple pixels 1 1 arranged in a 
matrix. A mask 2 is provided in opposition to a surface of the array sensor on which detection is effected, the 
mask having windows 21 each having an area smaller than that of each pixel. A mask shifter 3 is provided for 
changing the positions of the windows at pitches smaller than those between the pixels. The mask may 
consist of an array of LCD type elements whose polarization is controllable by electrical signals. By correct 
setting of such signals a series of transmtssive window can be produced in the mask and these can then be 
caused to scan across the sensor array by means of said signals. 
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FIELD OF THE INVENTION 

The present invention relates generally to a two-dimensional 
image detector adapted for use in high resolution microscopes such 
as X-ray microscopes, and charge coupled devices (hereinafter 
referred to as "CCD") used as electronic cameras. 

BACKGROUND OF THE INVENTION 

The conventional two-dimensional image detector employs 
an array sensor consisting of multiple pixels arranged in a matrix, 
and an electric charge corresponding to light and radiation 
incident upon each pixel in the array is taken out whereby an 
electric signal of each pixel is supplied as video information to 
form an image. This type of two-dimensional image detector is 
employed in image pickup tubes such as microscopes which form an 
image by combining signals from divided pixels. 

The resolution of a two-dimensional image detector depends 
upon the size of the pixels . In order to enhance the resolution of 
the image, it is required to reduce the sizes of pixels but each 
pixel cannot be subdivided to 10 jnn or less because of the working 
limitation imposed by machines and electrode wiring currently 
available. As a result, the enhancement of image resolution is 
limited. 

SUMMARY OF THE INVENTION 

A two-dimensional image detector according to the present 
invention comprises an array sensor having multiple pixels arranged 
in a matrix, a mask provided in opposition to a surface of the 
array sensor on which detection is effected, the mask having 
windows each having an area smaller than that of each pixel, and 
means for ch a n ging the positions of the windows at pitches smaller 
than those between the pixels. 

When light passes through the mask window and into each pixel 
in the array sensor, it is divided into a desired number of 
subdivisions as the mask changes position, thereby obtaining a 
group of relatively fine subdivisions. Thus the spatial resolution 
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of an image is increased in relation to the size of each pixel. 
W BRIEF DESCRIPTION OF THE DRAWINGS 

This invention may be better understood and its numerous 
objects and advantages will become apparent to those skilled in the 
art by reference to the accompanying drawings as follows: 

Figure 1 is a diagrammatic view showing the structure of a 
two-dimensional image detector embodying the present invention; 

Figures 2 (a) , 2 (b) , 2 (c) , and 2 (d) are views exemplifying the 
operation of the embodiment of Figure 1; 

Figure 3 is a diagrammatic view exemplifying a display 
obtained by the the embodiment of Figure 1; and 

Figure 4 is a diagrammatic view showing another example 
of the embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to Figure 1, an array sensor 1 is a CCD image sensor 
having pixels 11 arranged in matrix, each having an area of 10 jot 
X 10 |im. 

The array sensor 1 is provided with a two-dimensional 
lattice- like mask 2 on a surface of the array sensor on which 
detection is effected, the mask 2 having multiple windows 21 formed 
in matrix. Light passing through the windows 21 enters each pixel 
11 in the array sensor 1. The windows 21 are square in shape having 
an area of 1/4 that of the pixel. The rows and columns of the 
windows 21 are determined at the same pitches as those of the 
pixels 11 so that the windows 21 and the pixels 11 are opposed to 
each other when the mask 2 is disposed against the array sensor 1. 

A mask shifter 3 effects the fine movement of the mask 2 
vertically or horizontally or both by a fine distance such as 5 /im. 
The mask shifter 3 is actuated by a piezoelectric element such as 
PZT (PLZT) . The pixel data is stored in a video memory cell (not 
shown) position by position in the fine movement of the mask 2 . 

Referring to Figures 2(a) to 2(d), which shows the steps in 
a clockwise sequence from 2 (a) to 2 (d) via 2 (c) , the two- 
dimensional image detector is operated as follows: 

First, the mask 2 is positioned exactly for the array sensor 
1 with the windows 21 thereof being aligned with respective areas 
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of the pixels 11. At this step a first video data (DA) is obtained 
as shown in Figure 2 (a) . 

Then, the mask 2 is moved to the right by 5 pm so that each 
window 21 is aligned with the respective area (B) as shown in 
Figure 2(b). Subsequently, the step shifts to Figure 2(c) where 
the windows 21 are aligned with the areas (C) . At each step video 
data (DB) and (DD) are recorded in respective memory cells. 
Finally the step shifts to Figure 2(d) where the windows 21 are 
aligned with the areas (D) so as to record a video data (DD) . 

In this way, the four data (DA) to (DD) are obtained. Then 
these data are combined and displayed on a cathode ray tube (CRT) 
(not shown) or any other means, so as to form an entire image on 
the array sensor 1 as shown in Figure 3 . By sc an ning the mask 2 , 
the spatial resolution is enhanced up to 2/1, that is, 5 /an which 
is equal to 1/2 the size of each window. 

In this example, each area (A) to (D) is irradiated with light 
for the same period of time. To this end, various known methods 
are selectively used; for example, a source of pulsed light is used 
wherein the number of pulses is equalized for the areas (A) , (B) , 
(C) , and (D) . 

Since the mask shifter 3 is required to shift the mask 2 in 
micron order, a piezoelectric element such as PZT (PLZT) is used as 
an actuator. 

In the illustrated embodiment each pixel is divided into four 
subdivisions but the number of subdivisions is not limited to four. 
Figure 4 shows an example in which each pixel 11 is divided into 
nine subdivisions 121. More subdivisions are possible. 

As an alternative example, instead of shifting the mask 2, the 
array sensor I and the mask 2 sure joined to each other, and they 
may be shifted as a unit. This example is advantageous in that a 
light reception spot of each pixel can be fixed at a most sensitive 
part such as a central portion. This fixed position re m ains the 
same even though the windows are shifted, thereby ensuring that the 
subdivisions are detected on the same conditions. Thus the 
resulting image has a homogeneous quality. 

In a further embodiment, instead of the mask having fixed 
windows, a material having polarizing characteristics such as 
liquid crystal is provided with electrodes disposed in matrix so as 
to form a lattice- like mask having a pixel matrix. By controlling 
voltage applied to each pixel, the transmissive windows and non- 



transmissive windows are changed from one to another. The 
transmissive windows are arranged at positions corresponding to the 
areas (A) to (D) as shown in Figures 2 (a) to 2(d). In this 
example, the mask shifter 3 can be omitted. 

The two-dimensional image detector according to the present 
invention can be not only applied to CCD image sensors but also to 
microchannel plate (MCP) , scintillators, and other radiation 
detecting array devices which are provided with multiple pixels. 
The mask can be made of tantalum, copper, and gold, selectively 
depending upon what the detector and what wavelength is applied to. 

According to the present invention, the spatial resolution can 
be increased by at least one figure with respect to the size of 
pixels. When the detector of the invention is applied to a high 
resolution microscope, a nano-level inspection can be achieved. 
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1. A two-dimensional image detector comprising an array 
sensor having multiple pixels arranged in a matrix, a mask provided 
in opposition to a surface of the array sensor on which detection 
is effected, the mask having windows each having an area smaller 
than that of each pixel, and means for changing the positions of 
the windows at pitches smaller than those between the pixels. 

2. The two-dimensional image detector of claim 1, wherein 
the array sensor is a charged couple device image sensor. 

3. The two-dimensional image detector of claim 1, wherein 
the array sensor is a microchannel plate sensor. 

4. The two-dimensional image detector of claim 1, wherein 
the array sensor is a radiation detecting sensor. 

5. The two-dimensional image detector of claim 4, wherein 
the radiation detecting sensor is a scintillator. 

6. The two-dimensional image detector of claim 4, wherein 
the mask is made of tantalum. 

7. The two-dimensional image detector of claim 4, wherein 
the mask is made of copper. 

8. The two-dimensional image detector of claim 4, wherein 
the mask is made of gold. 

9. The two-dimensional image detector of claim 1, wherein 
the means for changing the positions of the windows is a fine mask 
shifter. 

10. The two-dimensional image detector of claim 9, wherein 
the fine mask shifter comprises an actuator of piezoelectric 
element . 



11. A two-dimensional image detector comprising an array 
sensor having multiple pixels arranged in a matrix, a mask joined 

W to the array sensor, the mask having windows each having an area 

smaller than that of each pixel, and means for effecting the fine 
unitary movement of the array sensor and mask along the surface of 
the array sensor on which detection is effected. 

12. The two-dimensional image detector of claim 11, wherein 
the shifting means comprises an actuator of piezoelectric element. 

13. The two-dimensional image detector of claim 1, wherein 
the mask comprises electrodes arranged in a matrix on a substance 
having polarizing characteristics so that a matrix of pixel 
subdivisions are. formed for each pixel in the array sensor, the 
subdivisions being selectively made transmissive or non- 
transmissive by controlling an applied voltage. 

14 . The two-dimensional image detector of claim 13 , wherein 
the substance having polarizing characteristics is liquid crystal . 

15. A two-dimensional image detector comprising an array 
sensor having multiple pixels arranged in matrix, a mask provided 
in opposition to a surface of the array sensor on which detection 
is effected, the mask having windows each having an area smaller 
than that of each pixel, a mask shifter for changing the positions 
of the windows at pitches smaller than those between the pixels, 
and a source of pulsed light, the number of pulses being equalized 
for all the windows of the mask each time the mask is shifted so as 
to change the positions of the windows with respect to the surface 
of the array sensor on which detection is effected. 

16. A two-dimensional image detector comprising an array 
sensor having multiple pixels arranged im matrix, a mask joined to 
the array sensor, the mask having windows each having an area 
smaller than that of each pixel, a mask shifter for changing the 
positions of the windows at pitches smaller than those between the 
pixels, and a source of pulsed light, the number of pulses being 
equalized for all the windows of the mask each time the mask is 
shifted so as to change the positions of the windows with respect 
to the surface of the array sensor on which detection is effected. 
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17 . A two-dimensional image detector substantially as herein 
described. 
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